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PROCESS FOR MAKING A lAYER OF MZ^TERIAL ON A SUPPORT 

DISCIiOSURE 

Technical field and prior art 

The invention relates to manufacturing of a 
fragmented thin layer of material on a support. 

It is particularly applicable to obtaining 
a catalyst in order to make carbon nanotubes or 
5 nanof ibres . 

The catalyst is an important element used 
for the growth of carbon nanotubes both for pure 
thermal CVD (chemical vapour phase deposition) growth 
processes and for plasma assisted deposition 
10 techniques. 

Obviously, efficiency is one of the 
qualities required for a catalyst; technical 
integration problems mean that attempts are made to 
obtain catalysts that enable growth reactions at the 

15 lowest possible temperatures. 

Another requirement is a certain division 
state of the catalyst; in practice, an attempt is made 
to produce medium to small diameter catalytic 
particles. The diameter of nanotubes obtained is a 

20 direct image of the diameter of catalytic particles. 

Stability with regard to the temperature is 
another important parameter; this relates to the 
capacity of the catalyst to maintain its division state 
in which there is no coalescence between nanoparticles 

25 during the growth process. 
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An attempt is also made to find a catalyst 
that can be integrated into microelectronic devices. 
Thin nickel, cobalt or iron layers are used to achieve 
this . 

5 This type of catalyst is described for 

example in the publication by Yudasaka M, Applied 
Physic Letter 1995, 67, p. 2477. It is well known that 
the size of particles obtained depends on the thickness 
of the deposited layer. 

10 On the other hand, the problem of stability 

is not solved, for example as described in the 
publication by Siegal MP et al.. Applied Physics 
Letters 2002, 80(12), p. 2171 in which a strong 
coalescence of Ni droplets is observed. 

15 Furthermore, the catalyst can only be 

divided into drops or split up efficiently at 
temperatures of the order of 600 °C, which means that 
processes using this catalyst have to operate at 
temperatures close to 600°C. 

20 The use of plasma was proposed particularly 

on Ni or Fe layers to etch the catalyst. The plasma is 
either a nitrogen plasma at a relatively high 
temperature between 600^*0 and 900°C (see the 
publication by Gao .JS, Materials Science and 

25 Engineering 2003, A352, p. 308-313) or an ammonia 
plasma at 390°C (for example see the publication by 
Choi JH, Thin Solid Films 2003, 435, p. 318-323) . In 
the latter case, the objective is to etch the catalyst 
to control the particle density. The particles obtained 

30 are relatively thick (between 60 and 100 nm diameter) 
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except for deposited layer thicknesses of the order of 
one nm . 

Therefore, it can be seen that the four 
parameters mentioned above are not satisfied and that 
5 the only parameter that can vary the diameter of 
particles obtained is the thickness of the deposited 
layer. There is a problem in obtaining a catalyst using 
the processes described, and more generally a finely 
divided material; in particular, it requires very thin 
10 layers that are difficult to control. 

Presen-tation of t:he inven-bion 

The purpose of this invention is a process 
for manufacturing a divided material to obtain a large 
15 division state. This division state can be controlled 
using a parameter other than the thickness of the 
deposited layer of this material. 

The invention relates firstly to a process 
including a step to deposit a thin layer of a first 
20 material in discontinuous form on a face of a support 
and then a step to form drops by heat treatment or by a 
low temperature hydrogen plasma treatment. 

Deposition in discontinuous form means a 
sequence of deposits of the same material separated by 
25 waiting phases under a vacuum or in a controlled 
atmosphere, in other words the deposition is 
discontinuous in time. 

The thin layer is normally in the form of a 
film and its thickness may be between one and a few 
30 nanometres, for example between 1 nm and 10 nm. It is 
also preferable for the surface tension of the material . 
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on the surface of the support to be lower than the 
surface tension of the material to be divided. 
Advantageously, the droplets formed are uniformly 
rounded and/or uniformly distributed. It is also 
5 preferable if these materials do not interact together 
or interact only slightly (few diffusion phenomena, few 
or no chemical reactions) . 

If the support interacts excessively with 
the material to be divided during the deposition and 

10 then the plasma treatment steps, a diffusion barrier 
layer can be made in advance, for example a TiN layer 
if the first material is nickel. This barrier layer 
will also determine division and stability properties 
of the divided material. 

15 Advantageously, the first material will be 

a catalytic metal such as nickel, iron or cobalt. In 
this case, drops are created by plasma treatment of 
hydrogen at low temperature (typically 300 °C) , the 
result is then an active catalyst starting from 300°C 

20 that can be used for low temperature growth processes. 

The deposition step of a layer of catalytic 
metal can be done in the presence of a partial pressure 
of oxygen, which gives even better control over the 
diameter of catalyst grains. 

25 The invention also relates to a process for 

the growth of carbon nanotubes or nanofibres, 
including: 

- production of a catalyst layer like that 
described above, 
30 - growth of nanotubes or nanofibres on the 

catalyst layer thus obtained. 
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Nanotubes or nanofibres may be grown by 
chemical vapour deposition. 

The invention also relates to a process for 
manufacturing a surface of a support with a controlled 
5 roughness, including the production of a thin layer, 
for example a continuous film, of a material on this 
support, using one of the processes described above. 

It also relates to a process for producing 
a metal/oxide mix on the surface of a support, 
10 including: 

- production of a fragmented thin layer of 
a metallic material on this support, as described 
above, 

- formation of an oxide layer on the layer 
15 of material thus formed, 

- a polishing step. 

Brief description of -the drawings 

Figure 1 shows a device used to manufacture 
20 a process according to the invention. 

Figure 2 shows a compound according to the 

invention. 

Figures 3A and 3B show a scanning electron 
microscopy (SEM) image of a 3 nm thick nickel film, 
25 obtained using a process according to prior art and 
using a process according to the invention. 

Figure 4 shows nanotubes obtained by growth 
on a catalyst using a process according to the 
invention. 



30 
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Detailed presen-tation of particular embodiments 

Figure 1 shows a device that enables a very 
precise control of the thickness of the deposited layer 
and particularly the discontinuous deposition of this 
5 layer in time, which is also continuous over a surface; 
the device is an electron gun evaporation unit with a 
planetary system. 

A filler 1, for example made of nickel, is 
evaporated at ambient temperature through a cache 2 
10 towards a sample-holder 3 itself fixed on a rotating 
planetary system 5. A detector 4 checks the thickness 
of nickel deposited on the sample holder 3. 

The measurement, made using measurement 
means 4, is made on a thickness greater than the 
15 thickness deposited on the substrate 3, depending on 
the ratio between the size of the opening 7 made in the 
cache 2 and the perimeter of this cache. 

The sample holder 3 is only affected by the 
deposit when it is on the centre line of the opening 7 
20 made in the cache, while the detector 4 is affected by 
a continuous deposit during all rotations of the 
planetary system. 

This device can be used for controlled 
discontinuous evaporation, for example with a 
25 deposition time of 1/10 and a non-deposition time of 
9/10 if the size of the opening corresponds to one 
tenth of the perimeter of the cache. 

The structure obtained is shown in figure 2 
and comprises a substrate 10, a layer or film 14 of 
30 deposited material with a thickness typically varying 
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from 1 to 10 mm obtained by discontinuous deposition 
and possibly a diffusion barrier layer 12. 

A low temperature heat treatment or 
hydrogen plasma treatment changes the deposited 
5 material into drops, in other words structures the film 
so as to form a discontinuous set of drops of material 
which is more or less homogeneous, and/or with more or 
less uniform shape, size and distribution. In the case 
of a catalytic material, this treatment can also 

10 activate said catalyst of the layer 14. Low temperature 
typically means from ambient temperature (about 20 °C) 
to SOO^'C, for example from 200''C to 500°C, and 
preferably about 300°C. 

We will now give examples of catalysts 

15 produced according to the invention. 

Example 1 

In this example, the material is treated by 

annealing . 

20 The layer 12 is a 60 nm thick layer of TiN 

deposited by reactive cathodic sputtering at ambient 
temperature . 

The sputtering gas is a mix of argon and 
nitrogen (80%/20%) . 
25 The layer 14 of Ni is made discontinuously 

using an electron gun at ambient temperature, using the 
device described above. The material is put into drops 
by a standard heat treatment at 600 °C under partial 
pressure of hydrogen. 
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More generally, this heat treatment can be 
done at between 500 °C and 600°C, which is the 
conventionally used range. 

Under these conditions, the result is a 
5 distribution of Ni particles in which the average and 
standard deviation of the diameter are given in table I 
below as a function of the deposited Ni thickness. 

The results obtained on standard layers of 
Ni (in other words deposited continuously) are given in 
10 table II below. 



Ni thickness 


2 nm 


3 nm 


5 nm 


10 nm 


Average 


15 nm 


17 nm 


37 . 6 


86. 6 


Standard deviation 


0.7 


0.7 


0.5 


0.6 



Table I: 

Distribution parameters for particles obtained 
according to the invention 



15 



Ni thickness 


3 nm 


10 nm 


Average 


54 nm 


139 nm 


Standard deviation 


0.45 


0.68 



Table II: 

Distribution parameters for particles obtained with 

standard Ni layers 

20 Comparing tables I and II, it can be seen 

that the invention results in an improvement to the 
diameter of particles obtained by . a factor of between 
1 . 5 and 3 . 

Figures 3A and 3B each show an SEM image of 
25 a 3 nm nickel film deposited on an identical sublayer 
of TiN put into drops at 600°C. 
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Figure 3A (x 40000) relates to a standard 
process, figure SB (x 100000) relates to a process 
according to the invention. Once again, it can be seen 
that a gain of the order of 3 is obtained using a 
5 process according to the invention. 

Example 2 (with plasma) 

In this example, the material is treated by 

plasma . 

10 Depositions are the same as in example 1 

with treatment of the deposit at 300*^C using a 
radiof requency plasma (RF) of hydrogen. 

The RF power is 300 W, the treatment time 
is 10 minutes, and the hydrogen pressure is 150 mTorr. 

15 Table III shows the result of treatment by 

hydrogen plasma at 300 °C on a film deposited using the 
process according to the invention (in other words 
discohtinuously) and using a standard process (in other 
words continuously) . 



Ni thickness 


3 nm 


3 nm 


10 nm 


Average 


18 nm 


No 
putting 
in drops 


No 
putting 
in drops 


Standard deviation 


0.. 5 






Ni deposition 
process 


According to 
the 
invention 


Standard 


Standard 



20 Table III 

It can be seen that the standard layers are 
not put into drops by the low temperature plasma 
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process, unlike the layers made according to the 
invention. 

Exaxttple 3 (par-blal pressure of O2 + plasma) 

5 In this example, the material is treated 

under a partial pressure of O2 and by plasma. 

The TiN layer 12 is a 60 nm thick layer 
deposited by reactive cathodic sputtering. 

The sputtering gas is an argon/nitrogen mix 

10 (80%/20%) . 

The layer 14 of Ni is made by an electron 
gun at ambient temperature using the device described 
above. An oxygen partial pressure equal to 3 x 10" 
^ mbars is added during the deposition of Ni . 
15 The layer is divided using the H2 plasma 

process at 300°C, as described in the previous example. 

Table IV contains results related to the 
size of catalyst particles when an oxygen partial 
pressure is introduced during deposition. 

20 



Ni thickness 


3 nm 


3 nm 


10 nm 


10 nm 


O2 partial 
pressure 


0 


3 x 10"^ 
mbars 


0 


3 X 10"^ 
mbars 


Average 


18 nm 


13.5 nm 


No 
putting 
in drops 


24 nm 


Standard 
deviation 


0.5 


0.5 




0.5 



Table IV 



Table IV shows the role of oxygen during 
the deposition of Ni . The diameter of the catalyst 
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grains can be controlled by adjusting the oxygen 
partial pressure, typically between 10"^ and 10"^ mbars. 

Therefore catalysts made according to the 
invention have very good stability at high temperatures 
5 up to esCC. After two hours at the average 

value of the distribution for a 3 nm layer of Ni 
treated by plasma has increased from 18 nm to 23 nm. 

Growth of nanotubes can then be continued 
quite satisfactorily using a thermal CVD (chemical 
10 vapour deposition) process at 540 °C and with C2H2 as the 
reactive gas. 

Figure 4 shows the growth of nanotubes 
obtained on a catalyst according to the invention at 
540°C, with a CVD process at 540°C (approximately 20 nm 
15 tubes) . This is an SEM image with x 100000 
magnification. 

Therefore, it can be seen that the catalyst 
made according to the invention satisfies the following 
criteria : 

20 - strong reactivity at temperatures between 

500°C and 600°C; 

- very strong division of the catalyst, the 
average diameter of particles obtained being possibly 
between 10 nm and 90 nm depending on the thickness of 

25 the catalyst; 

- stability under the temperature 
conditions used, in other words up to at least 650 °C; 

- easiness to integrate into the device 
technology because the depositions are made at ambient 

30 temperature and are therefore compatible with 
conventional resin lift off steps. 
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Therefore, it is easy to localise the 
catalyst deposit using these steps. 

More particularly, the invention relates to 
a process capable of obtaining particles of a given 
5 material on one face of a support, the particles having 
a controlled density and size. This material can be 
metallic (iron, nickel, cobalt, or semiconductors 
compounds, for example silicon) . To achieve this, it is 
deposited discontinuously in a thin film (typically a 
10 few nanometres) on the support, and is then put into 
drops by a heat treatment or plasma treatment.. 

The support face is chosen to interact only 
slightly with the material to be divided (little 
diffusion, little or no chemical reaction) . This is the 
15 case for nickel on TiN, but also more generally of 
metals on an oxide or silicon on an oxide. A diffusion 
barrier may be inserted if necessary (for example made 
of TiN or oxide, etc.). 

This process may have applications other 
20 than catalysis for growth of nanotubes . 

The particles thus distributed can be used 
to control the surface roughness of said support, and 
its structure on the scale of the drop size, namely 
about 20 nm. This structured surface may subsequently 
25 be covered by an oxide (for example silica) and then 
polished, to obtain a calibrated mix of particles, for 
example metallic particles, in an oxide (with CERMET 
type applications) . 



